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Fi eld of thet invention 



The present invention relates to new peptides and to 
usG thereof^ in particular for trGatmcnt and/or preven- 
tion of infections, inflammations and/or tT3Tnours . 



Background art 
It has for a ionq timo been known that human milk in 
several ways is antl -inflammatory due to the fact that it 
is poor in initiators and mediators of inflammation but 

10 rich in anti-inflammatory agents (see e.g. Goidman A. S., 
et al-r Anti-inflammatory properties ol human milk. Acta 
Paediatr. Scand. 75:68.9-695, 1986). Human milk also con- 
tains several soluble anti-infective components, sxach as 
lactoferrin (see e.q, Hanson L. A,, ct al.. Protective 

15 factors in milk and the development of the immune system. 
Pediatrics 75:172-176, 1983). - 

Lactoferrin is a single chain metalbinding glycoprcD- 
tein with a molecular weight of 77 kd. It has been found 
that the structural domain of lactoferrin responsi.ble for 

20 the bactericidal properties is ci pepsin-cleaved fragment 
called lactoferricin (see e.g. Bellamy W, , et al.. Iden- 
tification ol the bactericidal domain of lactoferrin, 
Biochim. Biophys, Acta 1121:130-136, 1992, and Bellamy 
W., et al.^ Antibacterial spectrum of .1 actof erricin B, a 

25 ijotent bactericidal peptide derived from the N-terminal 
region of bovine lactoferrin, J. Appl. Bact . 73:472-479, 
1992) . 

Lactoferrin receptors are fouiid on many types of 
cells including monocytes and macrophages, lectin- 
30 stimulated human peripheral blood lymphocytes, brush- 
border cells, and tumour cell lines . 

Several patent publications describe the possible 
use of lactoferrin for treatmeivt ol infections or inflam- 
mations. In WO 98/a6<12b, e.g., it is disclosed that lac- 
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Lofci^rin and lactof erricin can be used for t.reat;ment. and 
prevention of infections, inf larnitiations and tumours. 

>":p-A-t) 629 3>17 describes an anLimicrobiai agcnL con- 
taining (A) lactoferrin hydrolysatc and/or one or more of 
5 antimjcrobial peptides derived from lactof errins, and (B) 
one or more compounds selected* from the group consisting 
of metal-chclatia<3 protein, Uocophero.l , cycl odextr.i n, 
glycerin-fatty acid ester, alcohol, EDTA or a salt 
thereof, ascorbic acid or a salt thereof, citric acid or 

10 a 5a.lt thereof, polyphosphoric acid or a salt thereof, 

chito-san, cysteine, and cholic acid as the effective com- 
ponents thereof. This antimicrobial agent is intended for 
treatment of products, and especially for safely treating 
e.g. food and medicines. The agent according to this pub- 

15 li.cation its thus a new preservative. In the publication 
several peptide sequences are given and some of them re- 
semble the peptides according to the invention, although 
there are aevcxcil important differences described further 
below. The peptides described in this publication aiyo 

20 have different functions than the peptides according to 
the "invention, which arc shown*^ below in the comparative 
examples . 

Even though native hiiman lactoferrin and lactofcr- 
ricin have been shown to have desired anti-inflammatory, 
25 anti-infectious and anti^tumoural properties they cannot 
be used clinically on a broad basis since they are very 
expensive substances due to high production costs - 



SuTTimary of the invention 
30 The object of the present invention is to provide 

new peptides which can be used for the same i:)urposc£ as 
lactoferrin and/or lacLof erricin and which will have the 
same, or better, effects although being much cheaper to 
produce . 

35 The aim ol Lhe studies leading to the present inven- 

tion was to design new peptide^? which could be taken up 
from the intestines. It has been shown that humans j.n 
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their bruiih border membrane have receptors which can bind 
to human lactoferrin (see e.g. T.onnerdal B., T.actoferrin 
receptors in intestinal brush border membranes, Adv . Exp . 
Med. Biol., 1994, 357:171-175). It has also been shown 
5 that bovine J actof e rrin does not t)ind to Lheye receptors . 
The new peptides should t her « fore resemble human lac- 
toferrin or human iactof erricin but Lhey should also be 
easier and especially cheaper to produce. l:*urthermore, 
they should b^ essentially as 'efficient as , or preferably 
10 more efficient than human lactcjf errin or human lac tof er- 
ricin in treatment and prevention of infections, inflam- 
mations and tumours. 

It was found Lhat the peptides formed of the se- 
quences constituted of amino acids 16-40 and amino acids 
15 18-40 from the l3-terminal end of human lactoferrin, with 
some, alterations described furLhcr below, have the de- 
sired properties. Also sequences with only 14 residues, 
roughly corresponding Lo residues 18-31 of human lac- 
toferrin wherein C-20 is replaced by A, Q-77. .is replaced 
20 by K, and N-26 is replaced by D, were found to have the 
same, and even better, property es- 

A plausible mechanism for the uptake of these new 
peptides in the human body is that the peptides are Laken 
up in the intestine through binding to the above men- 
25 Lioned specific lactoferrin receptors and arc Lhen trans- 
ported through the circulation. However, the invention is 
in no way limited to this mechanism. 

Thus, the pre.'sent invention relates to new pepLldes 
with the sequences given in the appended sequence list- 
'\ 30 ing, and to f xmctionaiiy equivalcnL homologues or ana- 

logues thereof . 

furthermore,, the invention relates to medicinaH 
products and to food stuff, especially infant formula 
food, comprising said peptides . 
3b The invention also relates to use of said peptides 

for the production of medicinal products for treatment 
and prevention of infections, Inf 1 ammationis and tumours . 
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The characterising features of the invention will be 
evident from the f ol Lowing description and the appended 



Detailed description of the invention 
Thus, the invention relates to peptides the sequence 
of which is: 

Ac-Xi-X2-T-K-X3-F-Xy,-W-Q-R-X5-M-R-K-V-R-X6-X7-Xu-X9-Xio-Xii- 



wherein Xi is either E or no amino acid, X^ is either A or 
no amino acid, X3 ±^ eiLhcr C or A, X^ is either Q or K, 
X^, is either N or D, and X6-X7"Xb-X9-Xio-Xii-Xi2-Xi3-Xi4 is 
either -C;- P- P-V-S-C-I-K-R or no amino acid. In all se- 
quences herein single-letter symbols are used to denote 
the amino acids. These symbols, which are known to man 
skilled in the arL, have the following meaning: A « 
alanine, C ^ cysLelne, D = aspartic acid, E ^ glutamic 
acid, F « phenylalanine, G = glycine, .1: ^ isoleucine, K 
lysine, M - mcLhionine, N = asparaqine, P = proline, Q ^ 
yluLamiiie, R ^ arginine, = serine, T - threonine, V - 
valine, W — tryptophan. Ac and NH?. denotes an acetyl 
(CH3CO-) group and an amino group, respectively, that 
have been used to modify the amino and the carboxy termi- 
nals of the peptides into formation of amides, as de- 
scribed below. 

The peptide?; according to Lhc invention is either of 
a linear or a circular form- The linear form of the se- 
quences No. 2 and 4 is obtained through protection ol Lhe 
cysteine side chains by acetamidcmethyl groups 
CH3CONHCH2-- The circular^ form of the sequences No. 3 and 
5 is obtained by creation of a disulphide bridge beLween 
the two cysteines- This has to be performed in a con- 
trolled way in order to avoid formation ol: polymers- The 
peptide with sequence No. 7 is obtained through formation 
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of a lactam between the: asides chains of one of the lysi- 
nes and the aspartic acid; this is further explained in 
example 2 below. 

In one preferred cmbodi ment of the invention Xi i s 
K, X. i-; A, Xa is C, X4 iy Q, X., is N, and x^-X^-Xc-Xo-Xio- 
^ii~>^iii~Xi3-Xi^ is -G-P-P-V-S-C-l-K-R, which gives a peptide 
the sequence of which is: 

Ac-E-A-T-K-C-F-Q-W-Q-R-N-M-R-K-V-K-G"P"P-V-S-C- l-K-R^NIIs 

(sequence No. 2) 

Another preferred embodiment of the invention a 
cyclic: .form of this sequence obtained by the creaLion of 
a disulphide bridqe, resulting in the cyclic peptide with 
15 sequence 3. The peptide is illustrated schematically be- 
low and in the appended sequence listing: 

F-Q-W-Q-R-N-M-K-K-V-R-G P-P-V-S 
I, I 

(sequence No. 3) 



Another preferred embodiment of the peptide accord- 
ing to tho invention is a somewhat shorter peptide 
25 wherein Xi is none, X^ is j-ione^ Xa i s C, X4 is Q, X,s Is 
and X6-X7-X9-X9-Xio-Xii-Xip-Xi.;,-Xi4 is -G-P-P-V^S-C-I-K-R: 



AC-T-K-C-F-Q-W-Q-R-N-M-R-K-V-R-G-P-P-V-S-C-.I.-K-R-NH2 

(sequence No. 4] 

30 

Yet anoLhor preferred embbdiiiient of the .inve=^n1. 1 on is 
a cyclic form of this sequence obtained by the creation 
of a disulphide bridge: 
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r-Q-W-Q-R-N-M-R-K-V-R-G-P-P-V-S 

Ac:-T-K-C^ ^C-r-K-R-NH2 

(sequerure No. b) 

5 

7\n even more preferred embodiment oL the invention 
is shorter pepLide in which Xi i.s none, X;? is none, K-j lii 
is K, Xf, D, and Xg-Xv-XB-Xq-Xio^Xn-Xi^^-Xia-Xid is none: 

10 Ac-T-K-A-F*K-W-Q-H-D-M-R-K-V-R-NH2 

{sequence No, 6) 



This peptide also occurs in a form wherein the resi- 
dues K .in position 5 and D in po£>ition 9 have been linked 
15 by the formation of a lactam between the side chains of 
the residues: 



W-Q-R 
I I 

2 0 Ac-T-K-A-F-K -D-M-R^K-V-R-NHv » 



(sequence No. 7.) 



The lactam ruritiation in this peptide between amino acid 
chains that are four residues apart in the sequence 

25 forces the peptide to adopt a three-dimensional structure 
that resembles that of the fragment 18-31 of human lac- 
Loferrin and is designed to bind better to the receptor . 
This last peptide wiLli sequence No. 7 is the most pre- 
ferred embodiment of the invention - 

30 One advantage of the peptides with sequences No. 6 

and 7 compared to the other peptides according to the In- 
vention is that they are easier to synthosjise and alco 
cheaper per gram since they are shorter. 

In all seven peptides the amino and carboxy terminal 

35 ends have been capped, i.e. the free NHp group at the 

amino terminal end have been reacted witii acetylimidazo.l e 
to form the amide CHjCONII- or AcNH- and the free C:OOH at 
the carboxy terminal end has been transformed Into CONH^ . 
Under phy i^iologica 1 conditions at a pH of cipproxi mately 
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1, Iree amino and carboxy terminals would be ionised and 
the peptide would nhus carry a positive and a negative 
charge. The capping of the nnds of the peptides according 
to the invention makes Lhem neutral and nncha rged and 
5 thus drastically changes the elerr.rostat.i c properties; of 
Lhc peptides. A^^:5uming that the receptors bind the corxe 
sponding sequences of human lacLoferrin where there are 
no N- and C terminal charges, the capped peptides should 
bind better as they in this respect resemble the native 

10 protein more than uncapped peptides. These capped ends 

constitute an important feature of the peptides according 
Lo Lhe invexiLioxi, The similar peptides described in EP-A- 
0 629 347 comprises free amino and carboxy terminals, and 
this may be one of the reasons thai those peptides are in 

15 some cases not as efficient as the peptides according tc3 
the invention. 

As evident from the sequences above all seven pep- 
tides according to the invention comprise the residues K 
and R at the carboxy terminal ends. These residues are 

20 positively charged under physiological conditions and arc 
capable of strong and speci f lo. interacti ons with rocop- 
tora^ They are therefore an important part of the pep 
tides according to the invention. Also the T residue at 
the amino terminal end of all of the peptides according 

2 5 to the invention is capable of playing an iinportaiit part 
in receptor binding . 

The sequences ax^e also given in tiic appended go- 
quence listing. 

• /■ Apart from the above specified peptides iL is also 

■* 30 possible to use functionally equivalent homologues or 

- analogues thereof, including those that mimic the three- 

dimensional structure of the corresponding segment in hu- 
man lactof erri.n due to the i ntrodxact i on of structural 
constraints such as Icictam bridges or other chemical con- 
, - 35 traints. 

The peptides according tOc the invention is suitab^le 
for treatment and/or prevention of infection.5, inflamma — 



SANT AV:AWAPATENT : 6- 7-98 ; 16:48*; 4631 150060- 46 8 6660286; #10/32 

4631 150060 

InlctPafert-ochrcg.vericel 
1998 -07- 0 6 

^ HuvudfcDcen Kcusan 

t3ons and/ox" tumours. The term "troatmcnt" U3ed herein 
refers to curing, reversing, attenuating, alleviating, 
minimising, suppressing or halting the deleterious ef- 
fects of a disease state, disease progression or other 
5 abnormal condition, and the Lerm "prevention" used herein 
refers to miniinising, reducing or suppressing the risk of 
developing ^ disease state or progression or oLixcr abnor- 
mal or deleteri<ju:s conditions- 

The infections treatable with the peptides or me- 

10 dicinal products according to the invention include in- 
fections caused by all kinds of pathogens, such as bacte- 
ria, viruses, fungi, etc. 

Jt Is also possible to treat different types of in- 
flammations. Inflammation is a complex phenomenon marked 

15 i. .a. by abnormal "redness" and swelling of tissues and 

organs, pain and heat in affected areas, capillary dila- 
tion, leucocyte infiltration, etc. Inflammation is pri- 
marily caused by exposure to bacterial and or.her noxious 
agents and physical iniury. Inflammation has many forms 

20 and is mediated by a variety of different cytokines and 
other chemical signals. These mediators o± inflammation 
include tumour necrosis factor-a (TNF-a) , interleukin-1 
(IL-1), iiiterleukin-6 (IL-6), in terleukin-8 (IL-8), aiid 
various colony-stimulating £acJ.ors (CSFs) , 

25 As stated above, the peptides according to the in- 

vention are also suitable for treatment of tximours. 

The peptides according to the invention may either 
be used as they are or be included in a medicinal product 
or a pharmaceutical preparation. The medicinal product or 

30 a pharmaceutical preparation according to the invention 
may also comprise substances used to facilitate the pro- 
duction of the pharmaceutical preparation or the admini- 
stration of the preparations. Such substances are well 
known to people skilled in the art and may for example be 

3b pharmaceuticaiiy acceptable adjuvants, carriers and pre- 
servatives- 
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The peptides or medicinal prtjducts according to the 
invention can be administered to a patient either ^sys- 
temically or locally. The term ''patient" used hciirern re- 
lates to any person at risk for or suffering from a di 
5 case state, diseast=^ prrogression or other abnormal or 
deleterious condition . 

The systemic administration is suitable e.g. for 
treatment of urinary tract inf ec:t i.oji, colitis and tu- 
mours. The systemic administration can be undertaken by 
10 oral, nasal, intravenous^ intraartery, intracavitary, in- 
tramuscular, subcutaneous, trapsdermai , suppositories 
(including rectal) ox other routes known to those ol 
skill in the art. Oral administration is preferred. 

The local administration is suitable e.g. for treat- 
15 menL of skin infections, all infections and i nf larniaations 
in mucosal membranes etc. The local administration can be 
undertaken by topical, oral, nasal, vaginal or oropharynx 
gal route. For treatment of local infections or inflainma- 
tions in the skin or mucosal membranes the peptides or 
20 medicinal products according to the invention may e.g. be 
included in a gel, a cream, an cintmont, or a pastc. 

In the method according to the invention an clfBc- 
tivo amount of a peptide according to the invention is 
adminiistered to a patient. Tho term "effective amount" 
2b used herein relates an amount sufficient to treat or pre- 
vent a disease state, disease progression or other abnor- 
mal or deleterious condition. 

The peptides or medicinal products and methods ac- 
cording to the invention arc particularly well suited for 
30 treatment and/or prevention of urinary tracL infection 
and colitis, but several other inflammatory and l afec- 
tious diseases are also treatable according to tho pres 
cnt invention, such as inflammatory bowel diseases, rheu- 
matoid arthritis, conditions caused by the virus HlV-1, 
35 conditions caused by the virus CMV, and conditions caused 
by Che fungi Candida a.ltaicans and Candida krusei . This 
listing ii; in no way limiting the iscope of t.hc inventi.on. 
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The pcpLidei?, medicinal products and methods accord- 
ing to the invention are also well suited for preventive 
medical care by reducing the risk oi developing urinary 
tract infection or oLher inflammatory or infectious di^- 
5 eases in patients with an increased risk of attractinq 
such complications . 

The peptides^ medicinal products and meithods accord- 
ing to the invention may either be used alone^ in combi- 
nation with each other or ij"i combination with conven- 
10 tional therapy. 

According to the present .invention iL is also possi- 
ble to include the peptides, in an effective amount, in 
any kind of food or beverage intended to reduce infec- 
tions and/or inflammations in patients running an iri- 
15 creased risk of such conditions due to an underlying dis- 
ease or a medical treatment. For example, it is possible 
to Include the peptides, in an offectivre amount, in an 
infant formula food intended to inhibit harmful effects 
of bacteria, such as weight loss caused by inflammation 
20 induced by bacteria, viruses or fungi in infants. 

Since the peptides according to the invention have 
antimicrobial effects thoy can also be used as preserva- 
tives in different food stuffs and medicinal products 
such as gels, creams, ointments, pastes, solutions, emul- 
21> sions etc. 

The invention will now be further explained i n the 
following examples. These examples are only intended to 
illustrate the invention and should in no way be consi d- 
ered to limit the scope of the invention. 

30 

Brief descr-1 ption^ of the drawing 
Tn one of the examples below, reference is made to 
the appended drawing on which figure 1 shows the number 
of bacteria (CFU) present in kidney in mice with urinary 
35 tract infection treated with two peptides according to 
the invention, peptide 3 and peptide 4, with human iac- 
toferrin, hLF, and with water, respectively. 
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Examples 

In the examples below peptide 2 denotes the peptide 

b 

according to the invention with sequence No. 2, peptide ."3 
5 denotes the peptide according to the invention with se- 
quence No. 3, peptide 4 denotes the peptide according to 
the iriveriLion with sequence No. 4, peptide 5 denotes the 
peptide according to the invention with sequence No. 5, 
pepLide 6 denotes the peptide according to the invcnLion 

10 with sequence No. 6, and peptide 7 denotes the peptide 
according to the invention with .sequence No. 7. 

Morinaga 10^ Morinaga 11, Morinaga 12, Morinaga 13, 
Morinaga 24 and Morinaga 25 denotes the peptides de- 
scribed in EP-A-0 629 34 7 with sequence No . 10 

15 (F-Q-W-Q'-R-N) , sequence No. 11 (K-Q-W-Q-R), sequence No, 
12 (Q-W-Q-R) , sequence No. 13 (W-Q-R) , sequence No. 24 
(K-C-F-Q-W-Q-R-N-M-R-K-V-K-G-P-P-V-S-C-I) , and the cyclic 
peptide with sequence No* 25 (K-C-F-Q-W-Q-R-N-M-R-K-V-R- 
G-P-P-V-S-C-I) (the sequence numbers are Lhe numbers used 

20 in Morinagas patent publication EP-A-0 629 347). 
hLF denotes human lactofcrrin. 

Example 1 

This example illustrates solid phase synthesis of 
25 peptide 2, peptide 3, peptide 4 and peptide 5 according 
to the invention, and also of the peptides Morinaga 24 
and Morinaga 25 used in the examples further below. 

The syntheses were performed by Fmoc continues flow 
strategy on a Blosearch Pioneer automated peptide synthe- 
30 siser . The peptides were synthesised on a 0.1-0,2 niniol 
scale with Lhe resins I'AC-PEG-PS, 0.21 mmol/g for the 
peptide acids and Fmoc-PAL-PEG-PS, 0.20 ramol/g £or the 
peptide amides - 

The side chains of the peptides according to the in • 
35 vention were protected by pi peridine-sCable tert-butyl 
(for serine and threonine) , tert-butyl ester (for glu- 
tamic acid), tert-butyloxycarbonyl (for lysine and tryp- 
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tophan) , t.riphenylmethyl (for asparagine, cysteine, glu- 
tamine and hi^iLidinc) , *ice Lainidomethyl (for cysteine), 
and 2, /?, 4 , 6, 7-ptint:amGthyldihydrobenzof uran-5-siilphony1 
(for arg.inine) qroup:5. 
5 for the peptides Morinaga 24 and Morlnaqa 25, at- 

tachment of isoleucino to the J?AC-PEG-L»S resin was per- 
formed using the isoieucine symmetrical anhydride. The 
resin (1 g, 0.21 mmol) was allowed to .swell in 3 ml dime- 
thyl formamide (DMF) . Finoc-1 (10 eq, 2,1 mmol) was dis- 

10 solved in 5 ml dichloromethane (DMC) and 5 drops of DMF. 
Diisopropyl carbodiimide (DIPCDT) (5 eq, 1.05 mmol) was 
added to the amino acid solution after which it was left 
to stand for 20 min at 0°C. The DCM was removed under re- 
duced pressure and Lhe remaining oi 1 was dissolved in DMF 

15 and added to ttie resin. Dimethylami.nopyridine (DMAP) (1 
eq) was added to the resin and the slurry was allowed to 
stand at room temperature with occasional swirling for 1 
hour. After washing with DCM the resin was ready for pep- 
tide synthesis. 

20 Removal of the a-amino protecting group (Fmoc) wris 

performed with 20% piperidine on DMF for 7 min. All cou- 
plings proceeded in DMF, using 4 times excess of acti- 
vated amino auld over peptide and 4 eq of benicotriazolyl 
tetramethyluroiiium tetraf luoborate (TBTU) : diisopropyl 

25 ethylamine (DIPEA) (1:2, mol/mol). A six fold excess of 

hydroxybenzotriazole (HOBt) was added to the coupli.ngs of 
the cysteine residues (acetamidomethyl and tri phenyl me- 
thyl). 

Peptide 2, peptide 3, peptide 4, and peptide 5 were 
30 acylated at the amino terminus using a 0.3 M solution of 
acetic anhydride in DMF. 

Final deprotection and cleavage of the peptide from 
the resin was performed for 2 hours at room temperature 
using a mixture of 9.25 ml trifluoro acetic acid (tfa) , 
35 250 yil water, 250 ft! ethanedithiol and 250 (il triisopro- 
pylsilan per g of peptide resi*i- The resin was removed by 
filtration. The peptide was precipitated by use of cold 
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diethylethcr, centrifuged and resuspended in fresh dieth- 
yls; Lher Lwo more Limes to exLidCl. the scdvenger:=i and TFA. 
The peptides were dissolved in water and .1 yophilised. 

The cyclisation of the disuTphi.de bonded peptides^ 
5 peptide 3 and peptide 5, were performed on unpurified ma- 
terial. Approximately 200 mg of peptide was dissolved in 
1 1 of degassed v/atcr. Amraoniuin hydrogen carbonate was 
added until the pH was in Lhc range of 6-7 and the mix- 
ture was left with stirring an/i air contact for about 1 

10 day, and was finally lyophilised. 

'f'he peptides were purified by rcversed-phase high-- 
pressure liquid chromatography cluating with isochratic 
mixtures of Isopropanol (12-16% IPA) and 0.1% TFA. Two 
different columns were used, Microsorb, C-0 41.4x750 mm, 

15 8 nm (column A), and Hichrom, C-B 25x250 mm, 7 yim (column 
B) . The peptides eluated as broad peaks with the reten- 
tion times (R) given in table 1 below. The identi f i.oa t ion 
was done by ES-MS. MW in Lhe Leible denotes the molecular 
weight • 

20 

Example 2 

This example illustrates solid phase synthesis of 
peptide 6 and peptide 7 according to the invention. 

The syntheses were performed as described in example 
25 1 with the following modifications of the synthetic pro- 
cedure. The side chains of the lactam forming amino acid:-; 
K in position b and D in poJivit.ion <5 were protected by 
1 (^3, 4-dimcthyl--2, 6 dioxocyclohex-l-ylidcnc ) ethyl (Dde) 
: and 4-{N- [1 (4, 4-diTnethyl-2, 6-dioxocyclohexylidene) -3- 

30 methylbuUyl] -aminol-benTiyl ester (ODmab) , respectively - 

After the synthesis of the capped sequence was com- 
pleted/ the Ddc and ODmab groups were removed by 2% hy^ 
drazine (v/v) in DMF for 10 min. The resin was washed 
' with DHh\ IM DIPEA in DMF and finally by DMF- 

3b In the case of peptide 7 lactam formation between 

the side chains was allowed to proceed lor 8 hours after 
the addi.tion of a four lold excess of a7aben7.otriazolyl 
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tetramcthyluroni urn hexafluorophosphate (HATu) :DIEPEA^ 1:7 
in DMF. The resin was washed with the tollowinq sol- 
vents/solutions: DMF^ 20?; piperidine in DMF, methanol and 
DCM. The resin was dried under vacuum^ and the peptide 
5 was cleaved from Lhc resin as described above . 

Peptide 1 eluated as a broad peak with the retention 
times (R) given in Lable 1 below - 

Table 1 

10 



Pep^ldA 


Coluskn 


% XPA 


Flow 
(ml/au-n) 


R 
(min) 


Msr (eound/calc. ) 


Peptide 2 


b 


14 


lb 


11 


3201/3204.7 


Peptide 3 


A 


13 


80 


16 


3057, 1/3060,7 


Peptide 4 


A 


14 


80 


12 


3002.4/3004.0 


Peptide 5 


B 


14 


T5 


10 


not determined 


Peptide 7 


B 


12 


IH 


12 


not determined 


Morinaga 24 


B 


16 


lb 


20 


2575/2576.0 


Morinaga 25 


B 


16 


IS 


1 ft 


3430/3>132 .0 



Example 3 

In this example the bactericidal activity of the 
peptides according to the invention wa:i tested and com- 

15 pared to the bactericidal activiLy of human lactof err in. 
Human lactoferrin (hLF) , peptide 3, and peptide A, 
respectively, were incubated with two different strains 
of E. coll, E. coli 014 (experiment I) and 06K5 
(experimcnL II) , in 1^- growth medium (BHI - brain heart 

20 infusion) for 2 hours. The peptides were also incubated 
with E. coli CI 4 in 0.05 mM KCl (phosphate buffer, pll 7) 
without any growth medium (experiment III). Different 
concent rat ion.5 of the peptides were tested . 

After the incubation, samples were taken for bacte- 

25 rial plating. .Serial dilutions of five- and fourfold 

steps were used in experiments 1 and II, respecLi vely , 
and of twofold steps in experiment 111. 
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The concentrations of the different ptipLides rc- 
quixed for killing lOO'i- (Gxperiments I and II) or 90% 
(experiment III) of the bacteria are given in table 2. 

5 Table 2 



Eacp . 


Agent: 


Concent:xa-t±on of agani: for 
100%/90% killing ((ig/ml) 


T. 


hLF 


400 


T 


peptide 3 


4.4 


I 


peptide 4 


4.4 


II 


hLF 


2000 


11 


peptide 4 


s 7.8 


III 


hLF 


> 4000 


III 


peptide 3 


12. 5 


.1.11 


peptide 4 


3.2 



From table 2 it is evident that the peptides arcord- 
ing to the invention were much more efficient as bacteri 
10 cidal agent3 than human lactoferrln. 

Example 4 ^ 

In this example Llie fungicidal activi ty of the pep- 
Lide.s according to the invention was tested and compared 

1 5 to the fungicidal activity of human lactoferrln . Differ- 
ent concentrations of hLl*', peptide 3 and peptide 4 were 
incubated with different strains of Candida albicans and 
Candida krusei during 1-2 hours at 37°C in a phosphate 
buffer at pH 7 , 0 with 0.05 mM KCl at two different occa- 

20 .si.ons - experiment T and II, respectively. After .incuba- 
tion samples were Lciken for plating on Saboroud plates. 
The concentrations of the different peptides required for* 
killing 99% of the fungi are given in table 3. 
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Table 3 



Exp. 


Candxda 
s "tTaxn 


Concei 
for 99 


% killing 
peptide 
3 


of agent: 
r (119/ml) 
pep1:i<ie 
4 


hL 

/pep- 
3 


bio 
F/ 
/pep. 
4 


i 


C. albicans 
ATCC 64 54 9 


> 50 


O.t) 


1.25 


> 83 


> 40 


I 


C. albicans 
CCUG 90028 


> 50 


0.6 


1.25 


> 83 


> 40 


I 


C. krusei 
CCUG A 


12.5 


0-6 


1.25 


21 . 


10 


I 


C. Jcrusei 
CCUG 969 


25 


1.25 


2.5 


20 


10 


IT. 


C. albicans 
ATCC 6454 9 


> 200 


1.5 


1.5 


> 133 


> 133 


II 


C. albicans 
CCUG 599 


> :^oo 


1. b 


1.5 


> 133 


> .133 


TI 


C. albicans 
CCUG 1759 


> 200 


1.5 


1.5 


> 3 33 


> 133 



The results in table .3 show that the peptides ac- 
cording to the invention were much more cfficrient fungi- 
nidal agents than human lactoferrin. 




F«xample 5 

In thi3 example an In vitro test was pGrfo.rmed to 
10 study the anti.-inf lamiiiatory activity of the peptides ac- 
cording to the invention. More precisely, the inhibitory 
effect of the peptides ciccording to the invent i.un on the 
LPS-.tndueed II.-6 response in a monocytic cell line ('I'HP- 
1) was studied and compared to the effect of human lac- 
lb toferrin. The rL-6 response in Lhe THP-1 cells was in- 
duced by addition of l.,PS. hLF, peptide 3 and peptide 4, 
respectively, were added 30 minutes after I.PS, A signifi- 
cant inhibition was obtained with peptide 4, aa ahown in 
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table 3 below. 'J'he inhibitory activity of peptide 3 was 
iiiiiiilar the inhibitory activiLy of human lactofcrrin. 



Table 4 

5 



Ag-an't 


% xnhxbi^xon of I.PS response 


hLF 


1 5 


peptide. 3 


17 


peptide 4 


39 



Hixample 6 

Peptide 3 and peptide 4 according to the invcnlion 
10 were also tested in an in vivo study to show their effect 
on urinary tracL infection. 

E. eoli- 06K5 was insr.illed into the urinar-y bladder 
of mice. 30 minutes after instillation the different 
agents specified in Lable b were administered orally in 
15 an amount of 500 ^ig per mouse and 24 hours after instil- 
lation the number of bacteria (CFIJ) present in bladder 
and in kidney was determined. The result is shown in ta- 
ble 5. 

The control group consisted of 10 animals .in experi- 
20 ment 1 and of 23 animals in experimonL II. The ani.mal.s in 
the control groups were given 4:ap waLer instead of pep- 
tide or hLF. 
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Table 5 



Exp 




Mouse 


No. of 
animals 


S^at.xs'tical compar'xson* of 
treatmetib group wlt:h con- 
i:rol group of tiie ntunber of 
bacfcarxa, CFU, prdsen'b in 
kidney 


I 


peptide 
4 


CH/HeN 


11 


P =r. O.OlA'f 

k 


II 


popt.lde 
3 


C3H/Ti f 


2 3 


p = 0.0574 


TI 


peptide 
4 


C3n/Tif 


23 


p = 0.0102 


II 


hLf 


C3H/Tif 


23 


p ^ 0.006 



* Mann-Whitney 



5 The .results from experiment 11 are also illustrated 

in figure 1. 

Thus, the peptides according to Lhe invention is ca- 
pable of reducing the number of the bacteria In kidney. 

10 Kxample 7 

In this exarriple an in vitro test was performed 

ft 

to comparG the bactericidal and fungicidal activity of 
the peptides according to the invention with peptides de- 
scribed in EP-A-Q 629 347. The peptide according to the 

lb invention used was peptide 4, and Lhe peptides according 
to EP-A-0 629 347 called Morinaga 10, Morinaga 11, Morl- 
naga 12, and Morinaga 13. 

The peptides were incubated with E. col.i 014 and 
Candida albicans. Two concentrations of C. albicans yeai^L 

20 cells were tested, 5-10^ and 5-10-* per ml. Different con- 
centrations ot the peptides were tested. 

After the incubation, samples were taken for bacte- 
ria.! plating. Serial dilutions of tenfold steps were ui^-od 
in the experimenLs marked with I in table 5 and of two- 

2b fold steps In r.he experiments marked with II- 
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The conctJuLx aLions of the different, agents required 
for killing of 100% of the bacteria are given in table 6- 



Table 6 



Agent 




Concentxation of 


agent for 100% 


killing 














^al) 








E . coli 


014 




C . allsicans 






I 




11 




I • 














510^ 


5 10^ 


peptide 4 


> 10, <100 


12 


> 10, <100 


10 


hLF 


nd 


nd 


> 1000 


> 2000 


Morinaga 


10 


> 500 


1000 


> 2000 


> 2000 


Morinaga 


11 


> 500 


nd 


> 2000 


> 2000 


Morinaga 


12 


> 500 


nd 


> 2000 


> 2000 


Morinaga 


13 


> 500 


nd 


> 2000 


> 2000 



nd - not determined 



From table 6 it is evident thaL the peptide accord- 
ing to the invciiiLioii is a much more efficient bacteri- 
10 cidal agent than Lhe short peptideia described in kp-a- 
0 629 347 and ttian human lactoferrin. 

Example 8 

The fungicidal and inhibitory activity of the pop- 
15 tide 2, pepLide 3, peptide 4, and peptide 7 according to 
the invention were compared to the peptides described in 
EP-A-0 62 9 34 7 most resembling the peptides according to 
Lhe invention, i.e. Morin^^ga 24 and Morinaga 25. 

CcJndida albicans ATCC fi454 9 (1-lo'^/ml) W3-S incubated 
20 in the presence of the peptides during 2 hours at 37°C in 
1% growth medium (BHI, twofold :5eriai dilutions starting 
with 50 ng/ml) • The fungicidal activity was measured by 
culturinq 5 |il from each incubation well on Saboroud agar 
plates. The concent rat.i ons of the different agents re- 
2b quired for killing of 100% of the bacteria is given in 
table 7. 
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The inhibition of growth was measured spectropho- 
LoxucLrically after Inciibation during 20 hours. The con- 
centration of agent needed for inhibition o± growth ii5 
given in table 7 . 

5 

Table 7 



Agen-b 


Coixcen-tra-tion of agen't 
for 100% killing 
(^g/IIll) 


Concentzatixon of agen^ 
for inhibition of 
growth (^g/al) 


Peptide 2 


6.2 


6.2 


Peptide 3 


6.2 


6.2 


Peptide 4 


6.2 


6.2 


Peptide 7 


3.1 


1.5 


Morinaga 2<1 


12.5 


12.5 


Moririaga 25 


6.2 


6.2 



'['his example show that peptide 2, peptide 3, and 
10 peptide 4 according Lo the inv^ention is more efficient 
with regards to fungicidal and inhibitory activity than 
the linear peptide Morinaga 24 and that peptide 7 accord- 
ing to the invention is an even better tungicidal agent 
and inhibitor of growth of fungi • 

15 

Example 9 

Also the bactericidal and inhibitory activity of thft 
peptide 2, peptide 3, peptide 4, and peptide / according 
to the invention were compared to the activities of Mori.- 

20 naqa ^4 and Morinaga 25. 

K- coli Ol 4 was incubated in the presence of the 
peptides dur.i ng 2 hours at 37''C in 1-% growth medium (Bill, 
twofold serial diluLions starting with 100 |.ig/mT) . The 
bactericidal activity was measured by culturing 5 ^1 from 

25 each incubation well on blood .agar plates. The concentra- 
tions of the different agents required for killing of 
100% of the bacteria is given in table 8. 
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The inhibition of growth waa mGasured spect.ropbo- 
tomctrically after incubation during 20 hou.Tr.s. The con- 
centration of ageriL needed for inhibition of qrowth is 
given in table 8. 

5 

Tabie 8 



Agent; 


Concentration of agent 
£or 100% killing 
(M^g/ml) 


Concentration of agent 
for inhiJ^xtlon of 
growth ( pig/nkl ) 


Peptide 2 


?5 


6.2 


L'eptide 3 


12.5 


3.1 


Peptide 4 




3 . .1 


Peptide 7 


12.5 


^ 1.5 


Morinaga 24 


25 


6.2 


Morinaga 25 


12.5 


3.1 



This example show that peptide 2, peptide 3 and pep- 
10 tide <l according to the invention have bac:tericidal and 
inhibitory effects that arc approximately the same as 
those for Morinaga 24 and Morinaga 25, but that peptide 7 
is much more efficient with regards to inhibition of 
growth of bacteria. 
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SEQUENCE LISTING 

Sequence No. 1: 
5 Ac-X-i^-X2-T-K-X3-F-Xii-W-Q-K-Xr,-M-R-K-V-R-Xb-X,-Xo-Xck-Xio-X,i- 

Xi;;-Xi3-Xl4-NIl2 



10 Sequence No. 2: 

^^-p_A-T-K-C-F-Q-W-Q-R-N-M-R-K-V-R-G T-P-V-S-C-I-K-R-NIl; 



lb 



2b 



Sequence No. 3: 



F-Q^W^Q-R-N-M-R-K-V-R-G-P-P-V-S 
?A) Ac-E-A-T-K-C^^ ^C-l-K-R-NH. 



Sequence No- 4: 

AC-T-K-C-F-O-W-Q-R-N-M-R-K-V-R-G-P-P-V-S-C-I-K-R-NII7 



30 Sequence No. 5: 

F_Q»VJ-Q^R-N-M-R-K-V-R-G-P-P-V-S 

35 
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Sequence No. 6: 



Ac-T-K-A-F-K-W-Q-R-D-iyi-R-K-V-R-NH2 
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10 



Sequence No . 7 : 

W-Q-R 
I I 

Ac-T-K-A-F-K D-M-R-K-V-R-NH2 
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CLAIMS 

1. A peptide the sequence oi which is sequence No, .1 
given in the sequence 1 i sting wherein Xi is E or none/ 

5 is A or none, X3 is C or A, X4 is Q or X5 is N or V, 

and X6-X7-Xft-X9-Xio-Xii-Xi^-Xi3-Xi>i is -C-P-P-V-S-C-T-K-R or 
none, or functionally eqiiivaicnt homologuea or analogues 
thereot . 

2. A peptide according to claim 1, wherein Xj is E, 
10 X2 is A, X3 is C, Xfl is Xs i s N, and Xe-Xv-Xo-Xg-Xio-Xn- 

Xi2-Xij-X:i4 is -G-P-P-V-.S-C-T-K-R, the sequence thus being 
sequence No. 2 given in the sequence listing, or func- 
ti.onally equivalent- homologues or analogues thereol . 

3. A peptide according to claim 2 which is cycli.sed 
Ih through a dlsulphide bridge, the sequence thus being se- 
quence No. 3 given in the sequence li.sting, or function- 
ally equivalent homologues or analogues thereof, 

4- A peptide ac:cordlriy Lo claim 1, wherein Xi is 
none, X2 is none, Xj is C, X^ is Q, X5 is and Xs-Xv-Xb- 
20 Xc3-Xio-Xu-Xi,-Xi,-Xi4 is -G-P-P-V-S-C-I-K-H, the sequence 

thus being sequence No. 4 given in the sequenct; listing, 
or functionally equivalent homologues or analcguc^i 
thereof . 

5. A peptide according to claim 4 which is cyclised 
2h through a disulphlde bridge, the sequence thus being se- 
quence No, 5 given in the sequence listing, or function- 
ally equivalent homologues or analogues thereof. 

6. A peptide according to claim 1, wherein Xi i.o 
none, X2 is none, X:3 is A, X^ is K, X5 D, and XG-X7-XU-X9- 

: 30 Xio-Xii-Xi2-Xij"Xi4 is none, the sequence Lhus being se- 

. \.: quence No. 6 given in the sequence listing, or function- 

al ly equivalent homologues or analogues thereof • 

7. A peptide according to claim 6, wherein a lacLam 
bridge is formed between the amino acids K in position 5 

35 and D in position 3, the sequence thus being sequence No. 
7 given in the sequence listing, or functionally equiva- 
lent homologues or analogues thereof. 



SANT AV:AffAPATEiNT ; 6- 7-98 ; 16:54*; 4631 150060- 46 8 6660286; #27/32 

4631 150060 I . * r. . . . 

Ink. t Patent- och reg.verkel 



25 



1998 -07-0 6 

Huvudfboen Kosson ^ 



8- A medicinal prodiact corapriGing a peptide accord- 
ing t-o any one of the claims 1-7. 

.9- A modicinal producrt according to claim 0 for 
treatment and/or prevention ol infections, inf lammationtj 
5 and /or tumours. 

10- A medicinal product avccording to claim 9, for 
treatment and/or prevention of urinary tract infection. 

11. A medicinal product according to claim 9, for 
treatment and/or prevenLion of colit.is- 
10 12- A medicinal product according to any one of the 

claims 8-11 formulaLod for oral administration. 

13. A mediciiicil product according to any one of the 
claims 8-11 formulated for parenteral administration. 

14. A medicinal product according to c:laim 13 formu- 
15 lated for topical adminirstraLion. 

15. A medicinal product ^lCcordlng to any one of the 
claimti 8-14 fOTTnulated for admini.strat ion on mucosal mem- 
branos . 

16. Food stuff comprising a peptide according to any 
20 one of claims 1-7 . 

17- Food stuff according ;to claim 16 being an infant 
formula food . 

18. Use ot a peptide according to any one of the 
claims 1-7 for the production of a medicinal product for 

2b treatment and/or prevention of infections, inflammations 
and/ or tumours . 

19. Use according to claims 18, wherein the medici- 
nal product is intended for treatment and/or pr«veiition 
of urinary tract infection. 

30 20, Use according to claim 18, wherein the medicinal 

product is intended for treatment and/or prevention of 
colitis - 

21 • Use according to any one of the claims 18-20, 
wherein the medicinal product is formulated tor oral ad- 
35 ministration. 



1 '} :> n 0 7 Cl t LK-', 2C C i\ VTvT 'Mr;; S AVir , \ liis^^v JH xV \ A' 2 > e v2 U U . r.CuT 
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22. Use according to any one of the claims 10-20, 
wherein the med.i cinnl product la lormulated for par- 
enteral administration . 

23- Use according to claim 22, wherein the medicinal 
5 product is formulated for topical administration. 

2^- Use according to any one of the claims 18-23 
formulaLed for administration on mucosal membranes. 

25, Use according to claim 21, wherein the medicinal 
product constitutei; or is incljjded a food stuff. 
10 26. Use according Lo claim 25, wherein the food 

stuff is an infant formula food. 

27. A method for treatment or prevention of infec- 
tions, inllammations or tumours wherein an effective 
amount of a substance chosen from the group consisting of 
15 the peptides with sequences No. 1-7 given in tihc sequence 
listing and functionally equivalent homologues and ana- 
logues thereof is administered to a patient, 

28- A meLhod according to claim 27 for LrcaLmenL 
and/or prevention of urinary tract infection . 
20 2 9. A method according to claim 27 for treatment 

and/or prevention of colitis - 

30. A method according to any one of the claims 27- 
29, wherein the substance is orally administered, 

31. A method according to. any one of the c:laims 27- 
25 29, wherein the sxibstancc is parentercilly administered. 

32- A method according to claim 31, wherein the sub- 
stance is topically admin i.stered. 

33. A method according to any one of the claims 27- 
32, wherein the substance is administered on mucosal mom- 

: 30 branes . 

34. A method according to claim 30, wherein the sub- 
stance is .included in food stuff. 

35. A method according to claim 34, wherein the ^jub- 
stance is included in an infant formula lood. 
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ABSTRACT 

The invention relates to new linear and cyclic pep- 
tides the sequence of which is chosen from the group con- 
b sisting of sequences No. 1-7 given in the sequence list- 
ing wherein Xi Is E or none, X2 iis A or none, Xj is C or 
A, X/i is Q or K, is N or D, and X^-Xv Xu Xy Xx,;-Xij-Xi;..- 

Xl3-Xi4 is -G-l.^-H-V-S-C-I-K-R or none, or functionally 
equivalent homologues or analogues thereof. 
IQ The invention also relates Lo medicina3. productr5 

comprising such peptide.s, especially intended for trcaL- 
mcrit and prevention of infections, i.nf lammationis and tu- 
mours . 

FurUhermore, the invent ioh relates to food sLuff, 
15 especially infant formula food, comprising the above men- 
tioned peptides. 
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